General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



PAGE JB 


.‘T“/ - I .• 

• 17 .''-ircii 1'/ 
f’age 1 cf b 


ANMOKIA DOrir- SYSTV: . .-mTE CAPACILITY 

STATEIlEfIT OF PROBLEM 

Amnonia flow rates requirca for entry cooling increase as a function 
of storage tank temperatures and can conceivably exceed system ca- 
pabilities. Excessive requirements as a rr!sult of extreme tempera- 
tures could require rrodifi cations to mission plans to either reduce 
tank temperatures or cooling requirements. An analysis of worst 
case conditions has ::een performed, and indicates that adequate flow 
rates are available, ana consequently no mission impact- is antici- 
pated. 


ANALYSIS 
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approximately 300 ILv-r. It was determined, based on hardware spe- 
cifications, that the parallel NH^ flow control valves can flow up 

to 177 Ib/hr (354 Ib/hr total) if the NH^ supply remains above 45 
psia. Assuming these valves to be the limiting factor in the system, 
the flow rate capability is dependent upon maintaining adequate pres- 
sure in the storage tanks which supply these valves. There is no 
provision for active pressurization of the storage tanks during a 
mission. Therefore, tank pressure during Boiler operation will 
be a function of initial conditions, heat transfer across the tank 
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walls, and the the r.-.o dynamic properties of the in the tank. The 
ALT contiguration, .nth six uniniulated tanks and no helium prepres- 


suri.Tution of th? tank:. v;as ccrfsidcred to be the most severe case. 
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Accord'. I d/*i^dble infornation, ter . ucures should have an 
Initial value of 95“F with a corresoonding s.cjration pressure of 
196 psia. In order to determine worst case conditions for NH^ 
delivery, an ambient air temperature and pressure of 0*F and 5 psia 
(ALT flight conditions) was assumed. 

The heat transfer coefficient (UA) of the 6 storage tanks was 
determined from empirical equations obtained from Ref. 1 as follows; 
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k = .0135 m/hr Ft^ °F/ft 
= 14.5 in = 1.20833 ft 

0 

p = .0764/3 = .025465 Ib/ft' 

C = .243 BTU/lb 
P 

S = 1/460 1/°R 


g = 4.17 X 10^ ft/hr^ 
At = 90 “F 


U = .276 m/hr. ft" "F 
0 


u = .1476 Ib/ft. hr 
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(air to tank wall) 


thermal conductivity of air 

tank diameter 

density of air 

specific heat of air 

Coefficient of volumetric 
expansion 

gravitational constant 

temp differential - air to 
tank 

viscosity of air 
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(tank wall to ni^) 




k = .29 DTU/hr.ft^«F/ft 

1 » 52"-^4 ft 

p - 36.955 Ib/ft^ 

C = 1.163 BTU/lb*F 
P 

e= 1/550 1/*R 

At ' 90*F 
M = .242 Ib/ft.hr 

= 201 BTU/hr ft^*F 
th/k = 

th = .185 in 

. k =460 BTU/hr ft^ ®F/in 
th/k = .402 


thermal .conductivity of 

length of tank 

density of NH^ 

specific heat of NH^ 

coefficient of volumetric exoansion 

temp differential - NH^ to tank 

viscosity of NH^ 


tank wall thickness 

thermal conductivity of carbon steel 
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.2756 BTU/hr ft^ *F 

The six storage tanks are cylinders, 52 in lone, 14.5 in O.D., 
.185 in wall thickness, flat on one end and a hemisphere on • 
the other end. 








Q = UA t.f. 

= Icll ir.,/i.r 


To be conservaii vs, v/e used a maximum value . of 


Q * 3000 3TU/hr 


Over the range of interest, the themodynamic properties of 
at saturation conditions are essentially functions of temperature. 

A simple computer program was written to perforin an iterative solution 
for these interrelated properties, given initial conditions, 
flov.rate, and external heat transfer rate, and calculate NH^ tem- 
peratures and pressures. Minimum temperatures and pressures 
obtained, at a flowrate of 300 Ib/hr and varying external heat 
transfer rates are shown in the following table. 
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As is evict-ni frt . Ciie table above, tt'.c flH^ tank pressures remained 
above 45 psia in £.11 cases. This indicates that the required flow- 
rate should be available at all times. 
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